Julian Lewis made unique contributions to several areas of cell, developmental and theoretical biology. He combined a formidable intellect and mathematical training with experimental dexterity and deep biological insight, and used these to great effect to study key questions in early embryonic patterning, neurogenesis and, most recently, Notch signalling and somitogenesis. His fluent prose was evident in his publications and also in the textbook Molecular Biology of the Cell, to which he was a major, founding contributor. His kindness and gentleness endeared him to all, especially to the many people whom he mentored as they passed through his lab. He inspired them and his numerous collaborators and colleagues, all of whom will be bereft at the loss of an irreplaceable colleague.
Julian grew up in West London, attending St Paul's School, where he was an outstanding linguist. He studied physics at Oxford University, remaining there for his DPhil in theoretical physics. He then spent eighteen months as a postdoc at the Institute for Physical Problems in Moscow, helped by his fluent spoken and written Russianjust one of his non-English languages.
Julian's long-standing fascination with natural history led him to accept a postdoc position in Lewis Wolpert's lab at the Middlesex Hospital, which soon became the epicentre of studies on chick limb patterningthe system that triggered many influential theories of vertebrate embryonic patterning that we now take for granted. Julian began working closely with Denis Summerbell, a doctoral student in the lab and, together, they provided the theoretical and experimental basis for the progress zone model of limb patterning, which still influences our ideas of how spatial organisation arises during vertebrate development (Summerbell et al., 1973) .
Other colleagues in the Wolpert lab at the time included Jonathan Slack, Cheryl Tickle, Jim Smith and Nigel Holder. This team unearthed many important mechanistic insights from cut-and-paste surgical experiments, thereby laying the foundation for subsequent molecular advances in understanding limb patterning. Julian's big contributions were in figuring out how cells in the progress zone might measure 'time', and how this in turn imparts proximodistal positional values on cells. Several papers involved a combination of experimental and mathematical analysis; they included Julian's first exploration of how timing mechanisms might pattern tissuesa much understudied problem at the time.
In 1978, Julian set up his own lab at the Anatomy Department of King's College, London on the Strand, where he taught histology, with a healthy dose of cell biology, and also met his American future-wife Sherry, who was in London doing a PhD in neuroanatomy. His lab there began to examine how the various tissue components of the limbskeletal elements, muscles, nerves and blood vesselsarrange themselves appropriately in relation to one another. The experiments revealed a hierarchy of interactions such that, for example, connective tissue defined 'trunk roads' taken by all limb nerves, which then followed individual paths in response to chemoattractants released by skin or muscle targets (Lewis et al., 1981) .
While still at King's, Julian and his postdoc Gavin Swanson switched models and began to study development of the otic vesicle, which gives rise to the sensory epithelium of the inner ear. One transition paper had them peeling open the otic vesicle and grafting it onto a host chick limb bud, where it differentiated to form the exquisite normal patterning of hair cells, making the process accessible to experimental manipulation (Swanson et al., 1990 ). Julian's innovative idea of injecting white paint into the ear to visualise its morphology was a further example of his ingenuity.
In 1986, Julian jumped at an offer to move his lab to the new Imperial Cancer Research Fund (ICRF) Developmental Biology Unit, which had just been set up in Oxford under the directorship of Richard Gardner. Here was a thriving community of interactive groups with most of the major model systems represented along a compact floor at the top of the Zoology Building: flies (Ish-Horowicz and Ingham), chick (Lewis) , frogs (Slack), mice (Gardner, Copp and Beddington) and, later, zebrafish (Ingham). These were very exciting times in developmental biology, as striped gene expression patterns in Drosophila competed with new mesoderm-inducing factors in Xenopus for pages in Nature. Julian's interactions with everyone in the Unit were key to its success and to that of its students and postdocs.
Julian's major interest remained the inner ear, and he uncovered clues about its morphogenesis, the inductive signals that kick-start its invagination from head ectoderm and how the semicircular canals are formed. He also made a foray into wound healing; in the early 1990s, he published a paper showing that wounds in the simple embryonic epidermis closed by means of an actomyosin cable that assembled in the leading edge cells (Martin and Lewis, 1992) . This cable turned out to be a general feature of wound healing in many systems, and is also present during normal morphogenesis, e.g. during dorsal closure in fly embryos.
Julian also became increasingly fascinated by the problem of how local patterning was established in the otic epithelium; in particular, with the beautiful hexagonal arrays of individual hair cells, each hair being surrounded by separating support cells. This patterning smelled of 'lateral inhibition', the process mediated by Delta-Notch signalling that had been shown to generate regularly spaced neural precursors in Drosophilaan idea that led him to embark on a series of landmark studies of Notch signalling in vertebrates.
In collaboration with the Ish-Horowicz lab down the corridor and the Kintner lab in San Diego, Julian's team showed using Xenopus and chick that a cell's decision whether to become neural is indeed regulated by Delta-Notch signalling and lateral inhibitionindividual differentiating neural cells express the ligand Delta, which inhibits direct neighbours from also differentiating and preserves them as progenitor cells Chitnis et al., 1995) . Subsequent work in the chick retina confirmed this model, showing that Delta-Notch signalling regulates the timing and progression of differentiation, but not the type of neuron formed (Henrique et al., 1997) .
The Oxford Unit was closed in 1996, and several groups, including the Ish-Horowicz and Lewis labs, transferred to the main ICRF (now Cancer Research UK) institute at Lincoln's Inn Fields in London. There, Julian began to switch his research to zebrafish, taking advantage of its genetics and suitability for advanced microscopy (the physics of which he understood well) to study the molecular processes involved in cell fate diversification in vivo.
The Delta-Notch story continued with studies of its role in patterning in the developing zebrafish gut and vasculature, but Julian also began a series of incisive experiments on vertebrate segmentation, studying in particular how the regular production of somites (the precursors of our axial skeleton and muscles) is controlled by a molecular oscillator ('clock'). Here too, he showed that Notch signalling was crucial, acting to synchronise the clocks of neighbouring cells (Jiang et al., 2000) . Equally ground-breaking, he modelled the zebrafish clock as a simple, delayed negative-feedback loop based on transcriptional autorepression. He showed that the period of such a clock would depend on the kinetics of synthesis and breakdown of the mRNAs and proteins of the clock, rather than on their absolute protein concentrations (Lewis, 2003) . Crucially, he showed that noise in the circuit, far from disrupting the oscillations, contributes to the circuit's robustness. This single-author paper has formed the basis for most of the subsequent work in the field.
For his collective work, Julian was awarded the British Society of Developmental Biology's highest accolade, the Waddington Medal, in 2003, and was elected to EMBO membership in 2005 and as a Fellow of The Royal Society (FRS) in 2012. He closed his lab in 2012 but continued working; his most recent paper was published this April in Development (Soza-Ried et al., 2014) and was a perfect example of what the funders now call 'predictive science'. His lab showed that the development of normally sized somites could be rescued in embryos lacking endogenous Delta expression by delivering regular pulses of Delta activity, thereby confirming his mathematical prediction of Notch-mediated clock synchronisation. It was particularly appropriate that this last paper was published in Developmenthis 24th in this journal (and its predecessor, JEEM)on whose editorial board he served between 1988 and 1998.
Julian was a wonderful mentor who gently nudged the best out of all of his graduate students and postdocs, showing immense patience with those of us who were slower than he was in grasping inferences, concepts and equations. He wrote beautifully; his prose was almost lyrical, as if it had been 'sprinkled with magic' as described by one journal editor.
For the last ten years of his life Julian suffered from prostate cancer, which led to his making an important contribution to the cancer research community. He talked widely on the biology and treatment of cancers to general scientific and lay audiences. These were especially powerful and important talks; near the end of each, he would show data from a drug trial (Fong et al., 2009 ) and a bone scan showing metastases, at which point he indicated that he himself was a participant in the trial and that the bone scan and metastases were his. The bravery of a patient advocate talking so lucidly and in such clear scientific language about his personal experience taking a novel cancer drug had tremendous scientific and emotive impact. His tremendous courage and stoicism were also evident in his continued productivity despite his pain and discomfort. In the weeks before he died, Julian also delivered final drafts of two of his chapters for the 6th edition of Molecular Biology of the Cell, as well as a new section on computational biology.
Julian was a scientist's scientist, with a legendary ability to ask the gentle 'killer' question at a seminar despite sleeping through most of it. He could be slightly 'over the top' on matters of clarity and precision, once walking out of a seminar to check a controversial but critical fact from a journal article in the libraryand he was the speaker! He also had an idiosyncratic dress style, classifying his sweaters into two categories: 'with holes' and 'without holes'. But he was also a lovely human being and a 'renaissance man' whose wide interests incorporated music, artistic prints, ceramics (which both he and Sherry collected avidly) and second-hand books, which were usually read in the original Russian or French. He was a devoted husband and fatherwith Sherry he raised three science-orientated daughters. He is sorely missed by them, and by all of us who knew and loved him.
